Acinar cells have been difficult to maintain in primary or secondary cultures over extended periods of time. The most successful monolayer culture system reported to date requires basement membrane substrates. We report here a technique for culture of rat parotid acinar cells which does not rely upon basement membrane supports for maintenance and growth. The procedure involves gland excision, treatment to chelate metal ions, enzymatic digestion with collagenases and hyaluronidase, removal of fat and red blood cells by gravimetric separation, and nylon mesh filtration to yield a homogeneous suspension of small aggregates and single cells. The cells were examined for: a) morphology, Mentity, and growth; b) macromolecular synthesis; and c~ secretory output. They were healthy, peroxidase positive, and growing for up to 10 d. Protein synthesis increased from the point of cell layer formation at 3 to 4 d, through 10 d, while DNA synthesis decreased. As in other studies, amylase secretion fell sharply between 2 and 4 d in culture and remained low. Although previous studies indicated that the initial isolation protocol left these acinar cells unable to thrive in monolayer culture except in the presence of basement membrane substrates, the modified technique reported herein allows these ceils to attach, spread, and grow on a wide variety of commercially available plasticware. This method lends itself readily to long-term analysis of rat parotid acinar cell metabolism without the complications of dedifferentiation, cell loss through culture manipulation common in suspension cultures, or complex interactions between bioactive supports and cell surfaces.
INTRODUCTION
Saliva is a complex fluid composed of a wide variety of organic and inorganic constituents which collectively act to modulate the oral environment. One of the principal functions of the salivary glands is the synthesis of macromolecules and their secretion. Up to '~90% of the glandular volume is constituted by acinar cells, which are responsible for the synthesis and secretion of salivary components (41) . Although extensive information about the morphology of tile salivary glands, composition of saliva, and events leading to secretion of saliva is available, very little information can be found regarding the temporal and topographic aspects of the synthesis of salivary macromolecules. This lack of information is partly due to the difficulty in maintaining acinar cells in primary or secondary cultures over extended time periods. A variety of in vitro methods for examination of salivary gland function have been devised which include gland slices (1,21~ and isolated cells in dispersed suspensions {23,29,30L These preparations are suitable ' To whom correspondence should be addressed.
only for a number of hours before metabolic deterioration and cell death occurs. One obvious alternative is long-term culture of acinar cells. A collagen-laminin substrate has been used to maintain rat submandibular acinar-intercalated duct complexes up to 22 ,~ in culture (35) . Parotid acinar cells have been maintained as aggregates in suspension for up to 4 wk (27k They have also been cultured as monolayers on a collagen substrate for up to 5 d (15j and on a reconstituted basement membrane gel for up to 21 d (28~. Culturing lends itself readily to a host of analytical methods for extended periods of time with one important caveat: the mature, terminally differentiated cellular phenotype must not be sacrificed for the sake of proliferation and maintenance. In vitro studies are of value only so long as they provide useful information about the metabolic processes of whole organisms.
In our laboratory we are interested in acinar cells from the perspective of salivary peroxidase biosynthesis; this enzyme is an important member of the nonimmunoglobulin defense factors normally present in saliva (39k For our purposes we wished to culture these cells using a simple, reproducible routine while maintaining the normal secretory apparatus found in ACINAR CELL CULTURE WITHOUT BASEMENT MEMBRANE SUBSTRATES 879 mature acini of the adult rat parotid salivary gland. With this in mind we sought to extrapolate from the isolation and culture protocol of Oliver et al. (28) a method for establishment of rat parotid acinar cells in monolayer culture which would demonstrate secretory output comparable to that in adult animals. In this study a system for isolation and culture of rat parotid acinar cells as monolayers, which requires culture on a special substrate of reconstituted basement membrane gel prepared from Engelbreth-Holm-Swarm tumor extracts and coated onto Falcon Primaria plasticware, was reported. This support allows cells to be maintained for periods up to 21 d, during which they undergo growth and division. Identical results have been obtained with a commercially available basement membrane preparation, Matrigel, which contains laminin, collagen type IV, heparan sulfate proteoglycan, and entactin (Constance Oliver, personal communication).
A variety of extracellular matrix-cell surface interactions are known. However, the transduction of these events across the plasma membrane is still poorly understood. Evidence suggests these interactions affect a wide range of functions, including cell motility, cell shape, cell adhesion, cell-to-cell communication, and cell growth (33) . Several of the main constituent molecules of basement membranes have also been demonstrated to modulate protein synthesis and secretion. Laminin-rich gel supports are required for the sustained secretion of albumin by rat bepatocytes (4), and collagen gels are necessary for casein synthesis and secretion in mouse mammary epithelial cells (13) . The glycosaminoglycan portions of proteoglycans act as stimulators of secretion; heparin, heparan sulfate, and dermatan sulfate selectively increase secretion of proteins up to flvefold over control levels in vascular smooth muscle ceils (22t.
Because of the potential for such a number of effects generated by basement membrane, further complicated by variation in outcome due to batch-to-batch differences, age of preparation, et cetera, we undertook the task of isolating and culturing rat parotid acinar cells without reconstituted basement membrane substrates. Our approach has permitted us to establish and maintain rat parotid acinar cells as layers on plasticware, without basement membrane component substrates, for up to 10 d.
MATERIALS AND METHODS
Animals. Male Sprague-Dawley rats, certified free of sialodacroadenitis virus and rat corona virus, were obtained from Harlan Sprague-Dawley (Indianapolis, IN). Typically, single lots of six to seven animals were obtained within 1 wk before experiments and housed in an isolation cubicle of the pathogen-free animal facility maintained by the Animal Resources Program, University of Alabama at Birmingham. Adults rats of at least 30 d of age were used. These animals weighed approximately 160 g each at the time they were killed.
Acinar cell isolation. The protocol for rat parotid acinar cell isolation was modified from an existing procedure published by Oliver et al. {28). Rats were euthanized by exposure to a CO2 atmosphere. Using sterile techniques, the parotid glands were removed. A midline incision, extending from below the rib cage up to the chin, was made. The parotid gland was excised, taking care to clean the tissue of fat and fascia, and placed in Ham's F12 medium (GIBCO, Grand Island, NY) supplemented with 100 U/ml penicillin, 100 pg/ml streptomycin (Sigma, St. Louis, MO), and the pH stabilized at 7.4 with 50 mM 4-(2-hydroxyethyl)-lpiperazineethanesuffonic acid (HEPES; Eastman Kodak Co., Rochester, NY). The entire procedure for each rat was completed in under 6 rain.
Each pair of glands was rinsed in fresh penicillinstreptomycin supplemented Ham's F12 medium (Ham's F12/PS), then minced and placed in a sterile spinner flask containing 25 ml Ham's F12/PS inside a 5% CO2 and ambient Oz atmosphere, 100% humidified incubator at 35 ~ C by a second investigator, while subsequent surgeries proceeded, until all glands had been equally treated. The combined tissue was rinsed twice with 25 ml vol of Ca ++-, Mg § Hanks' balanced salt solution (Sigma). The tissue was resuspended in 25 ml of this same solution containing 2 mM disodium ethylenediaminetetraacetic acid (EDTA), stirred within the spinner flask in the 35 ~ C incubator for 10 rain, and rinsed twice with 25 ml vol of Ham's F12/PS. After rinsing, the tissue was dissociated enzymatically by digestion in 50 ml Ham's F12 medium containing 0.5 mg/ml collagenase type II, 0.5 mg/ml collagenase type IV (each containing less than 0.6 U/mt clostripain activity; Sigma), and 150 U/ml chromatographically purified bovine testicular hyaluronidase (Sigma) for 45 rain, with stirring, in the 35 ~ C incubator. The cell dispersion was adjusted to 20% (vol/vol) heat inactivated bovine calf serum (BCS; GIBCO) and centrifuged at 1000 rpm for 4 rain in a model TJ-6 centrifuge (Beckman Spinco Division, Palo Alto, CA). The pellet was resuspended in 25 ml Ham's F12/PS, passed through a sterile Micro-Syringe 25-ram filter holder (MiUipore, Bedford, MA) containing a Nitex 100-~m nylon mesh screen {Tetko, Lancaster, NY}, and slowly layered onto 20 ml Ham's F12/PS/20% (vol/vol) heat inactivated BCS. The cells were allowed to settle for 10 min at room temperature and centrifuged as above for 3 min. Cells were resuspended in 25 ml Ham's FI2/PS, centrifuged as before for 4 min, then passed through a second sterile Micro-Syringe 25-ram filter holder containing a Nitex 25-pm nylon mesh screen. The filtrate was centrifuged for 3 rain as above and the pellet suspended in 10 ml of the Ham's F12/PS further supplemented with 10% (vol/vol) heat inactivated rat serum (GIBCO), 10 ~g/ml reduced glutathione (Sigma), 1 mM putrescine (Sigma), 5 ~g/ml transferrin (Sigma), 5 ~g/ml insulin (Collaborative Research Inc., Bedford, MA), 5 ng/ml selenous acid (Collaborative Research), and 10 ng/ml epidermal growth factor (GIBCO). Hereafter, this mixture is referred to as complete medium.
All cultures started from a given isolation were inoculated from a common cell suspension. For culture, cell suspension aliquots were inoculated into complete medium supplemented with 10 ~M isoproterenol (IP; Sigma) freshly prepared from the solid. With two exceptions, cultures were established in 35-mm dishes or wells with 4 ml complete medium/IP and 106 viable cells. The Plastek dishes were supplied as 60-mm-diameter plates and were inoculated at the same cell density to surface area ratio as the 35-mm dishes. Cultures were provided with fresh complete medium/IP every 2 d by replacement of 3.5 ml of the 4 ml total medium using very gentle aspiration such that loose cells and aggregates were not removed in observable amounts from the plates.
Cell quantitation and viability. After isolation and periodically throughout one set of experiments, cells in duplicate cultures were placed in suspension using a Teflon cell scraper and gentle agitation. Cells were counted using a hemacytometer with improved Neubauer rulings and their viability was assessed by exclusion of 0.05% trypan blue in 0.02 M potassium phosphate/0.15 M NaCI, pH 7.4 {PBSL Total viable cells per culture were quantitated by two investigators under independent examination and the values obtained were averaged. The viability of these cultures ranged between 90.1 and 97.9% over the course of the experiments.
Protein. Total protein was measured after the method of Bradford (5L as modified by Read and Northcote (32), using bovine serum albumin {Fraction V, Sigma) as the standard. Medium was discarded and cell layers washed 3 times with cold PBS. Cell layers were solubilized in 0.1 N KOH for 1 h at room temperature on a rotary stirrer. Cell extracts were neutralized with 10 N acetic acid and aliquots assayed in duplicate for every culture. Medium samples were diluted with PBS and also assayed in duplicate.
Acute secretagogue stimulation. On Days 2, 4, 6, 8, and 10 of incubation, duplicate cultures were treated with 100 /~M isoproterenol or 100 ~M epinephrine or left untreated. After 30 min at 37 ~ C in a 5% CO~ and ambient O2 atmosphere incubator, the cultures were processed as follows. Cells were suspended into the media with Teflon scrapers; the suspension was then centrifuged for 5 min at room temperature at 3000 rpm in a model HN-S centrifuge (International Equipment Co., Needham Heights, MA). The supernatants were removed and frozen until assayed for both amylase and salivary peroxidase activities. Cell homogenates were prepared from these cultures by suspending the cell pellets from each duplicate well in 250 ~1 PBS followed by six cycles of freezing and thawing before any analysis. Isoproterenol and epinephrine stocks were prepared fresh from dry powders into medium just before culture incubations.
Amylase. Amylase activity in the medium was measured using the Phadebas Amylase Test (Pharmacia Diagnostics, Fairfield, NJ), which is based on the method developed by Ceska and co-workers (10) (11) (12) , following the manufacturer's instructions. Reagent blanks were complete medium/IP that had never been incubated with cells. Absorbance measurements were made in a Cary model 219 spectrophotometer (Varian Instrument Division, Palo Alto, CA). Enzyme activities were derived from a standard curve based on absorbance values for known activities in Phadebas Humylase Control standard (Pharmacia Diagnostics), which is manufactured expressly for use with this amylase test.
Salivary peroxidase. Salivary peroxidase activity was determined by two methods. In the Nbs/SCN-assay system, peroxidase activities were determined by measuring the rate of SCN-oxidation to OSCN-as previously described (24) . Peroxidase activity was also measured according to the method of Shindhr et al. (37) , as modified by M~nsson-Rahemtulla et al. (24), using 2,2' -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid), ABTS, as a substrate. For both methods, the standard for activity was human salivary peroxidase, purified as previously described (25) . Samples were dialyzed extensively against distilled H20, lyophilized, then resolubilized at their starting volumes or concentrated twofold, before assay.
Peroxidase staining. Seven-day cultures of rat parotid acinar cells were rinsed 3 times with cold PBS, after removal of medium. The cell layers were fixed with 10% (wt/vol) trichloroacetic acid (TCA) at room temperature for 15 min. The fixed cell layers were rinsed twice with PBS and stored overnight at 4 ~ C in PBS. Cell layers were stained for peroxidase after the method of Fahimi (14) by rinsing 3 times with 0.1 M Tris-HCl, pH 8.5, and incubating the plates in the same buffer containing 0.5 mg/ml 3,3'-diaminobenzidine (DAB), free base, and 0.02% ~vol/vol) H202 for 3.5 h in the dark at 37 ~ C. Plates were rinsed with substrate-free buffer and viewed for photomicrography. As controls, parallel cultures exposed to incubation buffer without H202 were examined as well as cultures of human gingival fibroblasts, grown to confluency under standard culture conditions t31~ and treated with incubation buffer with or without H202. A similar experiment using the method as given by Kaplow (18) and modified by Liem et al. ~20) for peroxidase staining, with 3,3',5,5'-tetramethylbenzidine (TMBZ) and HzOz as substrates for the enzyme, was also performed.
Light microscopy. Acinar cells were examined at various times during culture as well as after fixation and staining, in either phase contrast or bright field, using a Nikon Diaphot-TMD inverted microscope (Nippon Kogaku K. K., Tokyo, Japan). Photographs were taken with a Nikon FM2 35mm camera (Nippon Kogaku, K. K.). centrifuged, medium removed, resuspended in 4 ml cold PBS, and recentrifuged at 1200 rpm in a model TJ-6 centrifuge for 5 min. Rinsing with cold PBS was repeated twice using 1 ml vol of buffer. The cell pellet was fixed in 3% (vol/vol) glutaraldehyde in 0.1 M sodium cacodylate/ 7% ~wt/vol) sucrose for 4 h at room temperature. The pellet was washed 3 times with cacodylate-sucrose buffer and stored in this solution overnight at 4 ~ C. The pellet was washed 5 times with cacodylate-sucrose buffer, posffixed for 90 rain in 2% (wt/vol) OSO4/1.5% (wt/vol) KFeCN in cacodylate-sucrose buffer, and stored overnight at 4 ~ C in the same buffer. A second posffixation was done with 10% buffered formalin for 1 h, followed by 3 rinses in cacodylate-sucrose buffer. The pellet was dehydrated through a graded series of solutions containing ethanol from 25 to 100%, infiltrated with 1:1 Epon:ethanol, then embedded in 100% Epon (Ladd Research Industries Inc., Burlington, VT). After curing, the pellet was sectioned on a Sorvall MT-2B with a diamond knife IE. I. Du Pont De Nemours & Company, Inc., Wilmington, DE), and put on bare copper grids. The sections were counterstained with 2% lwt/voD uranyl acetate/50% (vol/vol) ethanol for 5 min and Reynold's lead citrate reagent ~36) for 10 min. Grids were viewed on a Philips 300 transmission electron microscope.
[3H]Methyl thymidine incorporation. Cultures were labeled with 5 ~Ci/ml [3H]methyl thymidine tspecific activity ----80 Ci/mmol; Amersham, Arlington Heights, IL) for 24 h. The medium was discarded, whereas the ceils were rinsed 3 times with cold PBS and solubilized in 0.1 N KOH for 1 h on a rotary stirrer at room temperature. Aliquots of 1 ml were placed in scintillation vials, neutralized with equal volumes of 0.1 N HCI, and diluted -3:1 with Safety-Solve aqueous scintillation cocktail (RPI Corp., Mount Prospect, ILL Radioactivity was quantitated in a LS 1801 liquid scintillation counter (Beckman Instruments Inc., Fullerton, CA).
DNA quantitation. DNA was separated from RNA by HCIO4 precipitation (16D and assayed according to Cerriotti (9) with calf thymus DNA (Sigma) as the standard. Standard DNA was carried through the HCIO4 precipitation procedure with the unknown culture samples.
[3sS]Amino acid labeling studies. Secretory granules (SG) occupy most of the cytoplasm surrounding the nucleus (N). Close examination reveals other well-defined cellular features including the nuclear membrane with lamins (arrowheads) and a nucleolus (n).
reagent contains a mixture of compounds, primarily [3~S]L-methionine and [3~SlL-cysteine, which is stabilized with 10 mM 2-mercaptoethanol. Alter 24 h labeling, cultures were processed as follows: Medium from each culture was centrifuged for 5 min at room temperature at 3000 rpm in a model HN-S centrifuge to remove loose cells, and transferred to clean tubes. The media were then made 10% (wt/volD with solid TCA and incubated for 1 h at 4 ~ C. These tubes were centrifuged at 1000 rpm for 10 min at 4 ~ C in a model T J-6 centrifuge. The supernatants were discarded and the precipitated protein pellets were washed twice with 5-ml portions of 2% TCA. The washed pellets were suspended in 2 ml of distilled H20 and solubilized with 50 tal 5 N NaOH. Alter neutralization of the protein solutions with 50 tal 2.5 N HC1, the total volume of each sample was adjusted to 6 ml total with distilled H20. Samples were mixed with 4.8 ml of 1% lwt/vol} Nonidet P-40/1% sodium dodecyl sulfate (SDSD/0.5% sodium deoxycholate/PBS. Total protein was assayed as given above and radioactivity was quantitated in a LS 1801 liquid scintillation counter. Aliquots of each sample, containing 100 tag protein with approximately equal volumes and specific activities, and ['4C]methylated protein molecular weight markers (Amersham} were subjected to SDS-polyacrylic gel electrophoresis (PAGE} on 5 to 15% polyacrylamide gels by the method of Laemmli Isolation. Based on previously published methodologies 127,28}, the isolation protocol summarized in Table 1 was developed. Several major modifications from the starting procedure should be noted. Only rats of at least 30 d of age were used, to ensure that the acini of their parotid glands had matured to adulthood (34}. Euthanasia by asphyxiation in CO2 vs. cardiac puncture, in combination with the particular surgical field presentation we use, results in minimal connective tissue, fat, and red blood cell contamination in our preparation. This modification also allows us to eliminate a second gravimetric cell separation step required by the starting protocol, so long as the subsequent centrifugation's time does not exceed 3 min.
The enzyme cocktail for tissue dissociation was changed compositionally, to divide the collagenase activity between type II and type IV enzymes, with the sum of their concentrations equal to that of the type II concentration used previously. This combination has been found to improve tissue dissociation (Constance Oliver, personal communication}. In addition, we reduced the hyaluronidase concentration from 300 to 150 U/ml. Purity of both the collagenases and the hyaluronidase is critical to maintaining high cell viability along with structural and functional integrity (27,40}. The high cost of the particular type of hyaluronidase we employed prompted the decision to lower the concentration used. This had no adverse affects on the results obtained. However, when hyaluronidase was omitted entirely from the enzyme solution, cell viability was reduced from 83.7% in an otherwise identical experiment to 63.8% without hyaluronidase. The number of viable cells fell from 9.64 X 107 to 6.81 X 107 between the two isolations. Reduction of the incubation period in this mixture from 1 h to 45 rain produced a cell dispersion that permitted us to omit the required 500-tam nylon mesh filtration of the initial method. Lack of the hyaluronidase necessitated relnstitution of the 500-tam nylon mesh filtration step and introduced a need for greatly increased mechanical shearing forces during all three filtrations. The digestion solution was adjusted to 20% (vol/vol} heat inactivated BSC before centrifugation and rinsing, to limit further enzyme action on the cell suspension. No decrease in cell Elimination of a second EDTA chelation, formerly done between the 100-#m mesh filtration and the 25-~m mesh filtration, caused an increase in viability of 15.6% between two otherwise identical isolations. Processing to the point of a cell suspension in complete medium ready for culture inoculation requires about 3.5 h; with experimental set up, the entire passage of the cells from whole animals to tissue culture occurs in about 4 h. Our protocol yields a preparation of mostly single cells and some small (<10 cells) aggregates that are essentially homogeneous in appearance. Six or seven rats provide, on average, about l0 s viable cells per isolation from a population of suspended cells that are typically 80~ viable or higher. detaching within 8 h, even if only one of these two components was withheld. Deprived cultures reintroduced to both fresh components recovered within a day insofar as respreading of rounded but still attached cells occurred. Floating cells were presumed dead and removed with the spent medium.
Cultures were maintained at ambient O2 conditions without apparent deleterious effect. Oxygen levels have been demonstrated critical to cell viability, especially for parotid tissue as compared to explants of lacrimal and submandibular glands (21) . However, organ culture presents difficulty with anoxia in central regions of the tissue mass that is not relevant to cultures inoculated from dispersed cells or small aggregate suspensions.
Morphology, identity, and growth. Cells were examined by electron microscopy for assessing the effects of isolation on their structural integrity. The cells have a healthy appearance and do not display the membrane irregularities, vacuoles, or lipid droplets typical of cells in distress (Fig. 1) . In addition, the cell population is almost entirely composed of large cells filled with many secretory granules, consistent with previously published micrographs of rat parotid acinar cells (27, 28) .
Cultures of these parotid cells were tested for growth on a large number of different substrates: Linbro, Falcon Primaria coated with Matrigel, Falcon Primaria, Falcon, Coming, Costar, Gibcoware, Plastek M, Plastek C, and Sumilon. Characteristics assessed in these cultures included rate and extent of aggregate anchorage as well as rate and degree of spreading of attached aggregates (Table 2) .
Maximal attachment and spreading occurred on Linbro plasticware and Falcon Primaria coated with Matrigel (Table 2 and Fig. 2) . We find that, on these two substrates, large aggregates are loosely anchored to the substrate on Day 1, and are firmly attached by Day 2, with scattered single cells already well spread on the surface. In the period between 75 and 90 h in culture, most aggregates spread profusely across the growing surface to establish cell layers, with some overlap that diminishes with distance from the aggregate anchorage site (Fig. 2 A,B) .
The differences between substrates were not large, as demonstrated by the mid-range performance of Plastek n {Fig. 2 C); even in the case of poorest performance, Falcon, a significant number of aggregates attached and spread (Fig. 2 D) , particularly when compared to cells cultured on this substrate after isolation by the method of Oliver et al. (28) . Interestingly, cells established in Linbro plasticware that had been isolated without benefit of hyaluronidase in the dissociation solution performed identically, once placed in culture, except that the aggregate attachment and cell spreading were delayed by approximately 1 d.
To further address the question of cell identity, layer cultures were tested for peroxidase activity by reaction with DAB and H202, which gives a characteristic dark brown stain {14) {Fig. 3). In the presence of both substrates, our rat parotid cell cultures stained heavily for peroxidase {Fig. 3 A), with a concentration in the cytoplasmic granules common to exocrine cells. Deprivation of H202 resulted in no staining (Fig. 3 B) , supporting the specificity of the color development as a result of peroxidase activity. The areas at the bottoms of Fig. 3 A, B are darkest because of proximity to the aggregate anchorage sites where cells invariably overlap. Furthermore, cultures of an unrelated, peroxidase negative cell type, human gingival fibroblasts (Fig. 3 C,D) , gave similar results to H202-deprived rat parotid cells. A related series of experiments using TMBZ and HzOz did not give sufficient staining intensity vs. control cultures for photographic reproduction. In the rat parotid salivary gland, only the acinar cells are peroxidase positive and present in numbers such as isolated herein. Taken together with the knowledge that the culture conditions employed are biased against fibroblast outgrowth and duct cell proliferation (28), we have successfully isolated and established cultures of rat parotid acinar cells.
To follow the condition of the cells and measure growth in the course of maintenance, cultures were tested every 2 d, for 10 d total, for cell number and viability (Fig. 4) . Secretory output. For our research needs, the rat parotid acinar cells must continue to express the same pattern of exocrine activity found in vivo in mature acini, particularly with regard to salivary peroxidase production. To begin, amylase activity was measured, as this enzyme accounts for about 30~ of the total parotid saliva protein content (26) and is, therefore, easily quantitated. Amylase activity fell sharply with the transition from cell aggregates to layers (Table 3L Values at Days 4 and 6 dropped to 15 and 6% of the activity measured in Day 2 culture medium, respectively. By Days 8 through 10, activity had leveled off to only 4% of that seen in cultures of freshly isolated cells. Exocrine secretion in salivary gland cells is stimulated by alpha-and beta-adrenergic receptor activation (2, 7) . Amylase secretion by rat parotid acinar cells in response to treatment with a beta-agonist, isoproterenol, and epinephrine, a mixed alpha-and beta-agonist was investigated. Acute stimulation of acinar cell cultures with both 100 /~M isoproterenol and 100 /~M epinephrine for 30-min periods, concentrations and time frames found optimal for secretory amylase output by parotid gland slices (1), resulted in increased amylase secretion throughout the incubation period of 10 d (Table 3) . As expected, stimulation was minimal on Day 2, when amylase secretion is already near maximal. For the remaining culture period, isoproterenol stimulated amylase secretion by 306 + 19.3% over that of untreated cultures, whereas epinephrine stimulation increased amylase output by 233 + 11.5%. In both instances, susceptibility to secretagogue stimulation remained at consistant levels throughout the experiments.
Assays for salivary peroxidase activity in the acinar cell culture medium by both the ABTS and Nbs/SCNmethods revealed no detectable amounts of this enzyme (data not shown) when cultures were assayed with and without prior acute secretagogue stimulation of secretion by 100 /~M isoproterenol or 100 #M epinephrine. Because these cells do stain for peroxidase with DAB, we tested the possibility that peroxide concentrations were below the detection limits of the assays. Medium from overnight suspension cultures with 3.62 X 106 cells/ml was assayed by the ABTS method and found to contain 484 mU/ml of peroxidase activity. This would mean that the 10 ~ cells of a standard 35-mm dish culture could be expected to secrete a total of about 134 mU of peroxidase into 4 ml of medium, yielding a final concentration of ~33.5 mU/ml. This value lies at the lower limit of reliable detection by either method (24) and is an indication that the failure of the assays with medium from monolayer cultures is due to extreme dilution of the peroxidase. The inability to detect enzyme activity with acute secretagogue stimulation suggests that salivary peroxidase is not sufficiently responsive to the agonists tested under the culture conditions employed in our studies for detection by the Nbs/SCN-method. In addition, analysis of cell homoge- nates from cultures given acute secretagogue stimulation with isoproterenol and epinephrine as described above did not have detectable peroxidase activity, indicative of no intracellular accumulation of enzyme to a measurable level.
Previous studies {28) indicate that the sharp drop in amylase secretion is unique; other secretory proteins maintain consistent levels in acinar cell cultures when grown on Falcon Primaria Matrigel-coated dishes. Rat pancreatic acinar cells behave likewise in culture (6) . Both the parotid glands and saliva of rats undergoing chronic isoproterenol administration display a similar reduction in amylase activity with a concomitant increase in proline-rich protein synthesis (17) . To test if this is the case for cell layers grown on Linbro plastic, cultures were established as described and placed in 3sS-amino acid labeling medium (methionine-, cysteine-, sulfate-free complete medium/IP) 28 h before analysis. The choice of this labeling agent was made because the majority of all protein secreted by the parotid gland is in the form of proline-rich proteins (around 70% of the total), sequencing studies of which have indicated an absence of sulfur-containing amino acids (3). Cultures were incubated in this medium for 4 h before radioisotope addition to permit clearance of unlabeled proteins in secretory granules already formed in the cells. After 24 h of continuous labeling, protein isolation, and quantitation, 100 /~g of protein from Days 2, 4, 6, 8, and 10 culture medium was applied to an SDS-PAGE gel. Analysis of autoradiograms by scanning densitometry revealed that amylase levels do drop over the experiment's course (Fig. 6) , in the same pattern as the enzyme activity measurements in Fig. 4 . However, other bands displayed significant changes, including the consistent appearance of bands of molecular weight greater than 200 kDa, possibly mucinlike proteins, on Day 6 but not thereafter. The incorporation of radiolabeled amino acids into secreted proteins dropped sharply at Day 10, an indication of diminishing metabolic activity. Under the same conditions of this experiment, salivary peroxidase was not detected as a discrete band on the gels, not unexpected given that this; protein is a minor component of saliva, present in the concentration range of 1 to 10 /~g/ml (38) . The total protein concentration in whole saliva equals 2.8 to 3.2 mg/ml (26) . The results obtained in Fig. 4 with regard to both protein and amylase levels in the cultures, taken together with the 3sS-amino acid labeling study suggests this method disrupts only amylase secretion, leaving export of other proteins intact.
In summary, we have refined a system for monolayer culture of rat parotid acinar cells that causes minimal perturbation of normal protein secretion which dispenses with the need for basement membrane substrates to support growth and maintenance of differentiation. This method minimizes cell loss through sequential feedings and permits easy separation of cells from their secretory products. We are now in a position to address the issue of determining what specific effects upon rat parotid acinar culture are exerted by individual basement membrane component molecules both alone and in different combinations. Further, culture of highly attachment positive rat parotid acinar cells as we have described may prove useful in pursuit of immortal strains from these 
